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ABSTRACT 
CO2 flatbed laser cutting machine is one of the advanced machining processes which is 
capable of machining various materials especially super hard engineered materials. The 
available CO2 flatbed laser cutting machine is only able to flat worksheets. This paper 
presents the laser lathing quality, particularly taper of cylindrical steel rod using 2D flatbed 
CO2 laser cutting machine. A specially designed spinning device mechanism was developed 
to clamp and spin a steel rod of 10 mm diameter. Three significant cutting parameters were 
controlled in this experiment, namely; cutting speed, spinning speed and depth of cut. The 
experiments were carried out based on full factorial DOE matrix design. The results show 
that, laser lathing is capable of  improving almost 80-90 percent as compared to manual 
lathing within the same range of workpiece properties and dimensional accuracy 
Keywords: 2D flatbed laser cutting, laser turning, laser cutting, CO2 laser machining, Taper 
quality 
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INTRODUCTION 
Lasers are widely used in industries as 
cutting tools as they pose ultra-flexibility 
in cutting technology in obtaining high 
quality end product besides being quick 
set-up, non-mechanical contact mechanics, 
and small region of the heat affected zone. 
The transformation from 2D flatbed to 3D 
laser turning has widely provided the 
lathing possibilities on them. Based on 
modification of flatbed lasers, some of the 
common problems handled with 
traditional mechanical lathe can be solved, 
especially lathing of micro dimensional 
parts. Besides that, the machining 
tolerances of mechanical lathe also affect 
the quality of end product. A non-
mechanical contact of laser has proved its 
capability in machining of micro parts, 
where it reduces the unintentional taper for 
straight turning. The unintentional taper 
exist when the cutting force tends to 
deflect the workpiece, particularly 
products with big diameter to length ratio. 
Thus, in order to avoid a large taper 
variation, laser lathing is found to be very 
suitable for the machining of cylindrical 
parts as compared to traditional 
mechanical lathing. Thus, the dimensional 
accuracies can be maintained while 
reducing the residue. 
REVIEW OF PREVIOUS WORK 
A three-dimensional laser machining 
concept was developed and investigated 
kinematically in applications of gear 
making, threading, turning, and milling in 
completing a die set [1]. A new 'machine 
tool' for advanced material processing 
conceptualizing two converging laser 
beams was introduced to build optical 
system around a beam splitter that 
generates two beams from the same laser 
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head [2]. The new concept of laser 
machining using two intersecting beams 
was optimized to investigate the 
phenomena involved in laser 'blind' cutting 
[3]. Three dimensional laser concepts were 
focused mainly in laser machining and 
laser welding by incorporating one or two 
laser beams simultaneously at industrial 
level along with their advantages and 
limitations [4]. A method of removing 
stock using two laser beams has been 
investigated where, the first laser beam 
produced first kerf and second laser beams 
intersects with the first beam axis to 
produce second kerf [5]. Three-
dimensional (3D) laser machining was 
done using two laser beams to improve the 
material removal rate and energy 
efficiency of laser machining [6]. The 
important issue in three-dimensional laser 
shaping is improving the dimensional 
accuracy along the optical axis without 
decreasing the materials removing rate. 
The concept of performing three-
dimensional laser shaping has been 
performed using Nd-Yag by [7]. CO2 
laser machining of three-dimensional auto-
body panel was investigated to evaluate 
the cut quality with respect to kerf width, 
surface roughness, and heat affected zone 
(HAZ) [8]. Laser machining of 3D micro 
part based on layer by layer pealing 
concept carried out by controlling three 
main parameters namely power, repetition 
rate and speed of laser process [9]. Three-
dimensional laser machining allows 
implementation of turning, milling, and 
threading, and grooving were investigated 
where, issues of material removal rate, 
surface quality, and process control of 
laser was discussed [10]. A new approach 
of 3D laser cutting by 2 kW laser mounted 
directly to the arm of the robot was 
studied. This set-up enables a simple, off 
the shelf solution without having to have 
complicated beam delivery system for 
applications that require laser power levels 
of 2 kW [11]. A fully automated 3D laser 
micromachining based on the main 
concept of geometrical flexibility 
integrating two UV laser sources, excimer 
and diode pumped solid state laser (DPSS) 
in ns pulse regime with six degrees of 
freedom to machine complex parts [12]. 
Three-dimensional laser machining has 
been carried out on composite materials 
using two intersecting laser beams to 
create grooves on a workpiece where, the 
volume of material is removed when the 
two grooves converge [13]. The 
relationship of processes parameters of 
pulsed Nd:YAG laser-turning operation 
for production of micro-groove on 
cylindrical workpiece was investigated by 
considering air pressure, lamp current, 
pulse frequency, pulsed width and cutting 
speed as correspondence controllable 
parameters [14]. A novel ultra-short pulse 
laser lathe system for bulk 
micromachining of axisymmetric features 
with three-dimensional cylindrical 
geometry was studied. One hundred 
twenty femtosecond pulses from 800-nm 
Ti:sapphire laser were utilized to machine 
hexanitrostilbene (HNS) rods into 
diameters of less than 200 micrometres 
and the results indicate that surface 
roughness is dependent upon rotation 
speed and feed rate [15]. Aninnovative 
technique of CO2 laser machining to 
create 3D cavities of a mould was 
conducted. The removal of a single layer 
is achieved using multiple overlapping 
straight grooves where the groove profile 
has been predicted by theoretical models 
before the work was carried out [16]. The 
ablation using femtosecond needs more 
concentration for micromachining as the 
advantages of efficient ultra-thin layer 
peeling without undesirable thermal 
effects for both opaque and transparent 
materials. The femtosecond laser turning 
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is highly recommended for excellent 
surface finish requirements. [17]. The 
integration of interference phenomenon 
into femtosecond laser micromachining of 
circular interference pattern was 
demonstrated by overlapping infrared 
femtosecond laser pulses [18]. A square 
micro-groove on cylindrical surface was 
performed based on five level central 
composite design techniques by feed-
forward artificial neural network (ANN) in 
process modeling of laser turning [19]. 
The process features of three-dimensional 
laser machining was presented with 
industrial robots, specifying the principal 
reasons for using lasers and describing the 
system components with respective 
practical applications [20]. The 
characteristics of laser beam including 
cutting obliquity and cutting direction on 
3D laser cutting quality was critically 
investigated. In this experiment, the range 
of upward 3D cutting was slightly wider 
than 2D, and the range of downward 3D 
cutting was sharply narrower than 2D 
cutting [21]. The effects of processing 
parameters on laser cutting of aluminum–
copper alloys using off-axial supersonic 
nozzles are present and a quantitative 
experimental study is used to determine 
the influence of processing parameters on 
the cutting speed and quality characteristic 
[22]. The relationship between cut edge 
quality and cut edge roughness to the 
process parameters was studied in order to 
find out the optimal cutting conditions. 
Mathematical models were used in 
determine the relationship between the 
process parameters and the edge quality 
parameters [23]. 
  
Experimental Set-Up 
The intention of this research work is  to 
transform 2D flatbed CO2 laser cutting 
machine into 3D operational capability. To 
transform 2D cutting into 3D, a work 
spinner of single phase motor was 
embedded with a three jaw chuck to hold 
the circular workpiece. The motor was 
mounted on the table where, only the laser 
head will be maneuvered along the center 
axis of the part by off-setting the table 
movement control to adjust the depth of 
cut value for each pass/cut. The motor and 
chuck assembly was aligned almost 
perfect vertically and horizontally to 
prevent collision between laser head and 
workpiece during lathing process. Besides 
setting the alignments to prevent 
geometrical errors and stock accidents, 
setting of process parameters also play 
crucial role in obtaining reasonable output 
quality. The parameters were clustered 
into three categories; constant parameters, 
controllable machine parameters and 
controllable motor parameters. Motor 
speeds were varied between 1000 & 1500 
rpm throughout the experimentation. 
Table 1 shows the constant parameters 
used in this experiment. 
 
EXPERIMENTATION AND RESULT 
a) Laser Lathing  
Experiments were conducted by varying 
the significant parameters as in table of 
design matrix. Table 2 shows the 
controllable parameters and actual coded 
values used for these entire experiments. 
Figure 1 clearly shows how a motor is 
placed on the sacrificial table with the 
workpiece clamped by a chuck and being 
lathed by the moving laser head. Thus, the 
non-contact cutting mechanism is taken 
advantage to perform lathing. For the first 
cutting, the rotation of workpiece rod was 
set to 1000 rpm with 680 mm/min laser 
speed. The observation shows that the 
obtained lathed surface was rough and 
requires fine tuning of interaction between 
laser speed and work spinning. As to 
further investigate, the next lathing was 
carried out at 1500 rpm with the laser head 
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speed of 510 mm/min. Figure 2 shows the 
cutting phenomenon of the latter set 
cutting condition. The observed results 
between first and second set of cutting was 
totally different where, the surface finish 
of higher spinning speed with reduced 
laser cutting speed shows better results as 
compared to earlier.  
b) Conventional lathe 
To compare of mechanical lathing with 
laser lathing, same raw materials were also 
performed by traditional mechanical 
lathes. This is to compare the other 
benefits of traditional lathes (if any) on 
working with circular stocks. Table 3 
shows the machining conditions set on 
mechanical lathes for rough cut which was 
obtained from machining handbook [24]. 
The experimental results of both the 
manual lathe and laser lathe were obtained 
successfully. They were compared in 
terms of percentage for the quality 
evaluation of roundness. The comparative 
values of both the lathing techniques are 
presented in Table 4. Based on the 
observation, there are large gap of taper 
between laser lathe and conventional lathe. 
The overall mean of percentage error 
between laser lathe and conventional lathe 
is about 82.9 percent. This error proves 
that a contact cutting tool (conventional 
lathe) gives greater impact compared to a 
non-contact cutting tool (laser lathe). 
Table 5 shows the matrix of coded values 
and the lathing results of eight performed 
experiments. Figure 3 shows the 
comparative analysis of the manual and 
laser lathing. It is clear that laser lathing 
has produced better taper values as 
compared to manual lathing. Thus, it is 
confirm that, laser lathing can be 
performed by flatbed laser cutting machine 
if the workpiece can be made into 
rotational towards laser axis.  
 
 
Taper Quality Evaluation  
From the main effects plot of laser lathe in 
Figure 4, the cutting speed, spinning 
speed and depth of cut shows a significant 
effect on taper.  As per the main effects 
are concerned, the optimal conditions for 
best attained taper value, the laser cutting 
speed, spinning speed and depth of cut 
should be set at high level with (680 
mm/min), (1500 rpm) and (1.5 mm). 
Figure 5 show that, all the factors have 
significant interaction, it's means each of 
factors have correlation between each 
other. The effect on taper by machining 
parameters during laser lathe has been 
analyzed and can be witnessed that taper is 
very much not affected by depth of cut. 
The observation found that, increasing the 
depth of cut does not affect taper value. 
This was suspected because laser is a non-
contact machining. The taper will be 
increase when the cutting speed and 
spinning speed decrease. Figure 6 shows 
the surface plot for taper over the 
controllable parameters of laser cutting 
speed and work spinning speed. The 
observation found that, the high level of 
cutting speed and lower level of spinning 
speed provides better quality of taper. 
Figure 7 shows the effect of cutting speed 
and depth of cut on taper value of the 
lathed part. The surface plot shows that, 
the taper decrease when the cutting speeds 
and depth of cut increase. The taper tends 
to increase when the cutting speed and 
depth of cut decrease.  The surface plot 
effect between spinning speed and depth 
of cut in Figure 8 shows that, increasing 
the spinning speed and the depth of cut 
results in best quality of taper value. The 
taper remains increase when the spinning 
speed and depth of cut decrease. 
  
CONCLUSION 
Based on the research work carried out,  
the two dimensional (2D) flatbed laser 
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cutting machine was able to be 
transformed to perform laser lathing of a 
cylindrical part. Not only this, comparative 
analysis of taper quality between the parts 
lathed using conventional and modified 
laser machine shows significant 
improvement up to 90% adopting the 
latter. This research proved that, super 
hard work materials which requires 
investment in obtaining superior cutting 
tools can now be seen to have cheaper 
alternate solution without having to have a 
real expensive 3D laser cutting machine. 
Thus, the wider range of metallic steel 
rods are to be lathed using modified setup 
to investigate suitability of developed 
system and their respective parametric 
setting. 
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Table 1: Fixed parametric setting of CO2 laser 
 
 
 
 
 
 
  
 
   
 
 
Table 2: Controllable parameters and their respective levels 
 
 
 
 
 
Table 3: Machining condition of conventional lathe 
 
 
Table 4: Comparative analysis of taper between laser and conventional lathe 
 
 
 
 
 
 
Laser Processing Value 
Power 1800 
Frequency 1800 
Duty cycle 85 
Gas pressure 0.5 
Laser mode Continous wave 
Stand off distance 1 mm 
Nozzle type Cylindrical 
Beam diameter 0.5 mm 
Gas jet selection O2 
Focus lens type Cylindrical 
Focal distance 0 
Nozzle diameter 1.2 mm 
Factors 
Level 
Low High 
Laser cutting Speed (mm/min) 
 
Work spinning speed (rpm) 
 
Dept of Cut (mm) 
510 
 
1000 
 
1 
680 
 
1500 
 
1.5 
Factors Cutting Speed (m/min) Spindle Speed (rpm) Feed (mm) 
Level 27 650 0.25-0.5 
Exp no. 
Taper (µ) Percentage error 
(%) Laser Lathe Conventional Lathe 
1 40 99 59.60 
2 11 53 79.25 
3 11 53 79.25 
4 6 65 90.77 
5 5 60 91.67 
6 12 61 80.33 
7 5 62 91.94 
8 6 61 90.16 
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Table 5: Matrix of coded values and lathing results of performed experiments 
Exp. No. Cutting  Speed 
(m/min) 
Motor Spinning 
(RPM) 
Depth of Cut 
(mm) 
Lathing Result 
(snapshot) 
 1 5100 1000 1 
 
2 510 1000 1.5 
 
3 510 1500 1 
 
4 680 1000 1 
 
5 680 1500 1.5 
 
6 680 1500 1 
 
7 680 1000 1.5 
 
8 510 1500 1.5 
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Fig.1. Laser lathing – workpiece spinning at 1000 rpm 
 
 
 
 
 
 
 
 
Fig.2. Laser lathing - workpiece spinning at 1500 rpm 
 
 
 
 
 
 
Fig.3. Comparative analysis of manual & laser lathing 
Fig.3. Comparative analysis of manual & laser lathing 
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 Fig.4. Main effects analysis for taper (laser)  
 
 
 
 
 
 
 
 
 
Fig.5. Interaction effect analysis for taper (laser)  
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Fig.6. Effect of cutting speed and spinning speed on taper laser lathe 
 
 
 
 
 
 
 
 
Fig.7. Effect of cutting speed and depth of cut on taper laser lathe 
 
 
 
 
 
 
 
 
 
Fig.8. Effect of spinning speed and depth of cut on taper laser lathe 
 
